Background: The impact of renal and hepatic dysfunction on the morbidity and mortality of inpatients with adverse drug events (ADEs) is uncertain in daily clinical practice. The objective of this study was to investigate the effect of renal and hepatic function on ADEs and inpatients' morbidity and mortality. Methods: The Japan Adverse Drug Events (JADE) study was a prospective cohort study carried out at three tertiary-care teaching hospitals in Japan. Participants were consecutive inpatients (n = 3459) aged 15 years or older. We evaluated the effect of renal and hepatic function on the occurrence of ADEs, and assessed how they affected length of hospital stay (LOS) and in-hospital mortality. We used the estimated glomerular filtration rate to quantify renal function and categorized patients into three groups (normal, ≥60 mL/min/1.73 mm; moderate, ≥30 and <60 mL/min/1.73 mm; severe, <30 mL/min/1.73 mm). We defined patients as having hepatic dysfunction when at least one data point (total bilirubin, aspartate aminotransferase, alanine aminotransferase, or gamma glutamyltransferase) was beyond a cutoff value. Results: We analyzed the laboratory data of 2508 patients. There was a significant difference in the occurrence of ADEs among the three GFR categories (normal, 20%; moderate, 26%; severe, 22%; p = 0.02). More ADEs occurred in patients with hepatic dysfunction (25% vs. 20%, p = 0.01). LOS was significantly longer in those with ADEs stratified either by renal or by hepatic dysfunction
Introduction
Adverse drug events (ADEs) are injuries from medication usage [1, 2] and are a cause of morbidity, mortality, and hospitalization [1, 3] . Many inpatients with acute or chronic diseases need to take multiple medications for treatment. Because all medications pass through the processes of absorption, distribution, metabolism, and excretion (ADME), declines in ADME functions of organs with aging, injury, and disease influence the safety of medications [4] [5] [6] . In daily clinical practice, multi-medication therapies are used for patients with comorbidities or complications. However, we know little about how many ADEs occur in such patients in daily clinical practice, including patients with renal or hepatic dysfunction, except what we learn from clinical trials. Furthermore, the influence of ADEs on in-hospital mortality or on the length of hospital stay (LOS) of patients with organ dysfunction has not been reported.
In our previous Japan Adverse Drug Events (JADE) study, we evaluated the incidence of ADEs among 3459 hospitalized patients and found that 726 patients had 1010 ADEs during hospitalization, and 6.5% of these ADEs were life-threatening [7] . We are interested in how renal and hepatic dysfunction affects the morbidity and mortality of patients with ADEs in daily clinical practice. Therefore, we investigated how inpatients' renal and hepatic function was related to the occurrence of ADEs. We also investigated the influence of ADEs on in-hospital mortality and on LOS, taking renal and hepatic dysfunction into account.
Materials and methods

Study design and patient population
The JADE study was a prospective cohort study of 3459 patients aged 15 years or older who were admitted to three tertiary-care hospitals in Japan from January to June 2004. These patients were admitted to 15 medical and surgical wards and three intensive care units in these hospitals [7] . Patients were followed until transfer, discharge, or death.
Ethics approval and consent to participants
The study protocol complied with the Declaration of Helsinki and the guidelines for epidemiological studies issued by the Ministry of Health, Labour, and Welfare in Japan. The institutional review boards of the three participating hospitals (St. Luke's International Hospital, Rakuwakai Otowa Hospital, and Aso Iizuka Hospital) and the Ethics Committee of the Kyoto University Graduate School of Medicine approved the study (E-15). Informed consent was waived because all data were collected in daily clinical practice. This waiver was approved by the institutional review boards.
Data collection and review process
The data collection method was based on that described in a previous report [2] . An ADE was defined as any unintended injury related to medication usage, regardless of existing errors [2, 8] . In the first step, trained research assistants reviewed all practice data (such as medical charts, laboratories, prescription data, incident reports, and prescription queries). They also collected the patient characteristics. Comorbidity in the patients was quantified using the Charlson Comorbidity Index [9] .
In the second step, two independent physician reviewers evaluated and classified all data collected by the research assistants as either ADEs or exclusion.
Interrater reliabilities were assessed using κ statistics. The κ scores regarding presence of an ADE between reviewers were 0.75 (ADE vs. potential ADE or exclude) and 0.77 (exclude vs. ADE or potential ADE). The κ for preventability was 0.86 (preventable vs. nonpreventable), whereas κ scores for severity were 0.31 (life-threatening vs. serious or significant) and 0.64 (significant vs. serious or life-threatening) [1] .
Renal and hepatic dysfunction
Laboratory data were collected on admission. We calculated the estimated glomerular filtration rate (eGFR) from serum creatinine on admission and divided the patients into the following three categories according to the Japanese CKD guideline [10] . We considered those with eGFR ≥60 mL/min/1.73 mm as having normal renal function, those with ≥30 and <60 mL/min/1.73 mm as having moderate dysfunction, and those with <30 mL/min/1.73 mm as having severe dysfunction.
We used total bilirubin, aspartate aminotransferase (AST), alanine aminotransferase (ALT), and gamma glutamyltransferase (GGTP) as measurements of hepatic function. We defined hepatic dysfunction as having at least one of the four laboratory data points of the hepatic function data beyond a cutoff value. Cutoff values were set from the classification criteria for the seriousness of adverse drug reactions to medications, developed by the Ministry of Health and Welfare in Japan [11] : total bilirubin ≥3.0 mg/dL, AST ≥100 IU/L, ALT ≥100 IU/L, GGTP ≥105 IU/L (male), and GGTP ≥45 IU/L (female).
Statistical analyses
Continuous variables are presented as mean ± standard deviation (SD) or median (interquartile range), and categorical variables are shown as numbers and percentages. Relationships between patient's demographic data and ADEs were assessed using the Wilcoxon rank-sum test when the data were continuous and the χ 2 test when the demographic data were categorical. We compared the occurrence of ADEs between patients with and without renal dysfunction, and patients with and without hepatic dysfunction. We compared the occurrence of ADEs between patients with less than five medications on admission and those with five or more medications on admission, and counterpart stratified the test by renal and hepatic dysfunction. We divided the number of medications used into two categories (<5 and ≥5) based on our previous report from the JADE study [7] .
We compared LOS and in-hospital mortality between those with ADEs and those without ADEs, stratified by renal or hepatic dysfunction. We also conducted sensitivity analyses excluding the patients who died within 2 days after admission because such patients showed renal or hepatic dysfunction on admission and their abnormal laboratory data and poor prognosis were not associated with ADEs or longer LOS. We finally developed a logistic regression model to assess the effect of renal and hepatic dysfunction on in-hospital mortality, adjusting for age, presence of ADEs, and the number of medications used on admission in the sensitivity analysis cohort. Two-tailed p-values <0.05 were considered statistically significant. We carried out all analyses using the JMP 11.2 software (SAS Institute Inc., Cary, NC, USA).
Results
Laboratory data of both renal and hepatic function were available for 2508 of the 3459 patients enrolled (Figure 1 ).
After excluding 42 patients who died within 2 days who had no ADE, the data of 2466 patients were used in the sensitivity analysis.
Among the 2508 patients, 546 had ADEs. The mean age was significantly higher in patients with ADEs than in those without (70.3 vs. 64.9 years, p < 0.0001). The mean Charlson index score was also significantly higher in patients with ADEs (3 vs. 2, p < 0.0001), whereas body mass index was significantly lower (21.4 vs. 22.5, p < 0.0001). The categories of renal and hepatic function were also significantly different between the two groups ( Table 1) .
Effect of renal and hepatic dysfunction on ADEs
The 
Effect of number of medications used on ADEs
Among those with normal renal function, ADE occurrence was significantly higher in patients to whom five or more medications were prescribed on admission than in those who were prescribed less than five [25% (n = 143) vs. 18% (n = 193), p = 0.0005] ( Figure 3A) . However, these effects were not observed among those with moderate or severe renal dysfunction [moderate dysfunction, 25% (n = 60) vs. 27% (n = 92), p = 0.5; severe dysfunction, 23% (n = 35) vs. 22% (n = 23), p = 0.8]. Among those with normal hepatic function, ADE occurrence was also significantly higher in patients to whom five or more medications were prescribed on admission than in those who were prescribed less than five [24% (n = 159) vs. 18% (n = 190), p = 0.007] ( Figure 3C ). This effect was also not observed among those with hepatic dysfunction 
Effect of ADEs on LOS
The median LOS of patients with ADEs was longer than that of patients without ADEs, among those with normal renal function (20 vs. 7 days, p < 0.0001) and those with renal dysfunction (moderate renal dysfunction, 26 vs. 9 days, p < 0.0001; severe renal dysfunction, 22 vs. 6 days, p < 0.0001). It was also longer among those with normal hepatic function (21 vs. 7 days, p < 0.0001) and those with hepatic dysfunction (23 vs. 8 days, p < 0.0001). The results of the sensitivity analyses were similar.
Effect of ADEs on in-hospital mortality
In-hospital mortality was higher in patients with ADEs than in patients without ADEs, among patients with normal renal function and moderate renal dysfunction [normal renal function, 13.7% (n = 46) vs. 3.9% (n = 52), p < 0.0001; moderate renal dysfunction, 15.1% (n = 23) vs. 8.3% (n = 36), p = 0.02] ( Figure 4A ). However, these effects were not observed among those with severe renal dysfunction [24.1 (n = 14) vs. 20.8 (n = 42), p = 0.6]. In the sensitivity analysis, in-hospital mortality showed the same tendencies in the normal renal function and moderate renal dysfunction groups. However, in this analysis, inhospital mortality was also higher in patients with ADEs among those with severe renal dysfunction 
Effect of renal and hepatic dysfunction on in-hospital mortality
The multivariate logistic regression model showed moderate and severe renal dysfunction were significantly associated with in-hospital mortality [odds ratio (OR) of moderate relative to normal, 1.49 (95% confidence interval, CI, 1.04-2.12); OR of severe relative to normal, 4.12 (95% CI, 2.81-6.02)]. Hepatic dysfunction was also significantly associated with in-hospital mortality (OR, 2.08; 95% CI, 1.55-2.79). The occurrence of ADEs was also independently associated with in-hospital mortality, adjusting 
Discussion
We found that approximately 30% of unselected inpatients in acute-care hospitals had renal or hepatic dysfunction, and that the risk of ADEs in such patients was significantly higher than in patients with normal organ function. We also found that the variables associated with increased occurrence of ADEs, such as being elderly, having renal dysfunction, and having hepatic dysfunction, were also independently associated with in-hospital mortality. However, the occurrence of ADEs with severe renal dysfunction was smaller than the occurrence with moderate renal dysfunction. In-hospital mortality was significantly associated with renal dysfunction. Therefore, more patients with renal dysfunction would die before experiencing ADEs during the hospital stay. Indeed, the occurrence of ADEs with severe renal dysfunction increased when patients who died within 2 days were excluded.
Our findings were consistent with those from a previous study, which showed that a substantial proportion (7.5%-10.4%) of patients admitted to acute-care hospitals experienced ADEs, with some of them being fatal [12] .
Prevention of ADEs is expected to improve the prognosis of patients. In the United States, ADEs contribute to as many as 140,000 deaths annually, occurring in about 1 of 16 hospitalized patients. An estimated 28% to 56% of ADEs are preventable, and most preventable ADEs are due to errors during prescription [12] . A UK study showed that 12% of all primary-care patients may be affected by a prescribing or monitoring error over the course of a year, increasing to 38% in those aged 75 years and older and 30% in patients receiving five or more drugs during a 12-month period. Overall, about 5% of prescriptions are believed to have prescribing errors [13] . The WHO has provided a list of 10 key actions that are likely to have the most impact on improving safety in primary care, and one of them is to focus on those at a higher risk of safety incidents [14] . Our study showed that ADEs occurred significantly more in patients with organ dysfunction. Thus, intensive monitoring of such patients would contribute to reducing the incidence of ADEs, morbidity, and mortality.
In patients with normal renal or hepatic function in this study, the occurrence of ADEs increased when the number of medications increased. However, this tendency was not observed in patients with renal or hepatic dysfunction. Field et al. [15] reported that the risk of ADEs increased when the number of regularly scheduled medications was more than five in patients with normal renal and hepatic function, and our results were consistent with this report. Generally, drugs and their metabolites are excreted in the urine after polarization by a drug metabolism process in the liver [5] . If patients have hepatic or renal dysfunction, then this metabolism or excretion process has deteriorated. The relationship between the number of medications and occurrence of ADEs was not observed in patients with renal or hepatic dysfunction because of the decreased metabolism and excretion function. Even with only a few drugs administered, the blood concentration of these drugs or their metabolites increases causing enhanced drug sensitivity in patients with renal or hepatic dysfunction [16] [17] [18] [19] [20] [21] [22] . We suggested that the risk of ADEs depends on the number of medications in patients with normal metabolism, whereas the risk of ADEs was high even with a small number of medications in patients with decreased metabolism.
The efficiency of renal and hepatic function changes with age [23] [24] [25] , and mean age on admission was 70 years in patients with ADEs in our study. Budnitz et al. [26] reported in a US study that there were an estimated 99,628 emergent hospitalizations for ADEs in adults aged 65 years or older each year from 2007 to 2009. Nearly half of these hospitalizations were reported for adults aged 80 years or older, and nearly two thirds of those were due to unintentional overdoses. In the same study, two thirds of the ADEs involved drugs such as warfarin, insulin, oral antiplatelet agents, and oral hypoglycemic agents. More caution during prescription is needed because many medications could cause renal or hepatic dysfunction [27] [28] [29] [30] [31] . In contrast, Dreischulte et al. [32] reported in a Scotland study that a complex intervention combining professional education, informatics, and financial incentives reduced the rate of high-risk prescribing of antiplatelet medications and nonsteroidal antiinflammatory drugs. The proper use and dose of medications are more important for elderly patients with renal or hepatic dysfunction because our results indicated that being elderly and having renal or hepatic dysfunction and ADEs were independently associated with in-hospital mortality. Furthermore, monitoring of renal and hepatic function should be approached with more attention in cases of multiple medication therapy.
Several limitations must be addressed regarding this study. First, the number of all medications were not available during the hospitalization. The changes in laboratory data after admission were also not assessed. Although the primary purpose of this study was to estimate the risk of ADEs and in-hospital mortality based on the renal and hepatic functions on admission, the changes in medication use and laboratory data could be incorporated to risk stratification. Second, we also did not assess the established indicators of hepatic function, which are widely used for the prognosis of liver disease, such as the ChildPugh score [33] . Therefore, the effect of renal and hepatic function on the occurrence of ADEs might be different if we used different indicators. Third, we did not consider pharmacogenomics or pharmacokinetic/pharmacodynamic studies to estimate the risks of ADEs in this study because such tests were not used in all patients in daily practice. We focused on the risk of ADEs based on renal and hepatic function, which are measured in all patients on admission. However, the risk stratification ability should be improved if we used such tests in the future. Finally, the JADE study only enrolled Japanese patients, and the study was conducted in 2004, with data that seem relatively old. To generalize our results globally, we need to study the effect of renal and hepatic function on the occurrence of ADEs in other countries to evaluate their effects among different ethnic groups and also in different healthcare systems, which can affect decision-making by healthcare professionals. However, as the medications used in this study have not been changed for decades, our findings and their clinical implication should be considered relevant in the present.
Conclusions
We found that renal and hepatic dysfunction increased the occurrence of ADEs, and that ADEs were associated with longer LOS and higher mortality in patients with both normal and decreased renal or hepatic function. Therefore, the appropriate and careful use of medication should be promoted, especially in patients with renal or hepatic dysfunction. Systems to confirm the necessity of organ function tests depending on the medications that a patient is taking, and to increase the timely identification and interception of ADEs according to renal or hepatic function, should be implemented to ensure the safer use of medication.
